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ABSTRACT — This  review  is  a  synopsis  of  the  decisions  that  shaped  global  policy  on  platelet  (PLT)  storage  temperature 
and  a  focused  appraisal  of  the  literature  on  which  those  discussions  were  based.  We  hypothesize  that  choices  were 
centered  on  optimization  of  preventive  PLT  transfusion  strategies,  possibly  to  the  detriment  of  the  therapeutic  needs  of 
acutely  bleeding  patients.  Refrigerated  PLTs  are  a  better  hemostatic  product,  and  they  are  safer  in  that  they  are  less  prone 
to  bacterial  contamination.  They  were  abandoned  during  the  1970s  because  of  the  belief  that  clinically  effective  PLTs 
should  both  be  hemostatically  functional  and  survive  in  circulation  for  several  days  as  indicated  for  prophylactic  transfusion; 
however,  clinical  practice  may  be  changing.  Data  from  two  randomized  controlled  trials  bring  into  question  the  concept  that 
stable  autologous  stem  cell  transplant  patients  with  hypoproliferative  thrombocytopenia  should  continue  to  receive  pro¬ 
phylactic  transfusions.  At  the  same  time,  new  findings  regarding  the  efficacy  of  cold  PLTs  and  their  potential  role  in  treating 
acute  bleeding  have  revived  the  debate  regarding  optimal  PLT  storage  temperature.  In  summary,  a  “one-size-fits-all” 
strategy  for  PLT  storage  may  not  be  adequate,  and  a  reexamination  of  whether  cold-stored  PLTs  should  be  offered  as  a 
widely  available  therapeutic  product  may  be  indicated. 
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COLD  VERSUS  ROOM  TEMPERATURE  STORAGE  OF 
PLATELETS  FOR  THE  TREATMENT  OF 
ACUTE  BLEEDING 

Platelet  (PLT)  transfusion  is  associated  with  improved 
clinical  outcomes  in  acutely  bleeding  trauma  patients  (1-9). 
Despite  common  beliefs  to  the  contrary,  PLTs  are  available  in 
whole-blood  products;  they  can  also  be  prepared  as  whole 
blood-derived  concentrates,  as  buffy  coat  preparations,  or  as 
apheresis  units.  Currently,  unlike  red  cell  products  that  are 
stored  under  refrigeration,  PLT  units  are  stored  at  room  tem¬ 
perature  (RT)  (20°C-24°C)  with  constant  agitation  for  5  days 
(7  days  in  some  European  countries)  to  maximize  recovery  and 
survival  in  vivo  following  transfusion,  because  refrigerated 
PLTs  are  cleared  more  rapidly  from  circulation  (10).  Platelets 
participate  in  immunomodulation,  maintenance  and  repair  of 
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vessel  structures,  and,  their  best-known  function,  clot  forma¬ 
tion.  Prevention  of  bleeding  requires  longer  circulation  times 
(survival),  whereas  hemorrhage  control  requires  initiation  of 
the  clot  (activation),  which  removes  the  PLT  from  circulation. 
Increasing  PLT  circulating  time  reduces  the  frequency  of  pro¬ 
phylactic  PLT  transfusion  and  thus  the  risk  of  alloimmunization 
in  patients  with  hypoproliferative  thrombocytopenia,  a  popula¬ 
tion  that  is  primarily  made  up  of  patients  receiving  chemother¬ 
apy.  Blood  providers  adopted  RT-stored  PLTs  (RT-PLTs) 
because  most  civilian  PLTs  are  used  by  patients  with  hypo¬ 
proliferative  thrombocytopenia;  split  inventories  pose  logistical 
problems  for  transfusion  services,  and  providers  believe  that  RT 
storage  meets  the  needs  of  patients  with  acute  postsurgical  or 
traumatic  bleeding.  Furthermore,  focusing  on  PLT  use  in  cancer 
therapy,  regulators  adopted  PLT  in  vivo  circulation  time  as  the 
primary  metric  of  PLT  function,  instead  of  other  parameters 
such  as  adhesion,  aggregation,  or  contribution  to  clot  strength. 
Unfortunately,  the  switch  to  RT-PLTs  came  at  the  cost  of  in¬ 
creased  risk  of  bacterial  contamination  and  decreased  hemo¬ 
static  function  compared  with  cold  storage  (0°C-6°C)  (11-16). 
Refrigerated  PLTs  (4C-PLTs)  have  been  reported  to  reduce 
blood  loss  due  to  acute  hemorrhage,  are  less  conducive  to  bac¬ 
terial  growth,  and  were  the  standard  of  care  until  the  mid-1980s. 
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The  narrow  focus  on  PLT  in  vivo  circulation  eclipsed  other 
aspects  of  PLT  function  and  resulted  in  the  abandonment  of 
4C-PLT  in  the  effort  to  reduce  transfusion  frequency  for 
prophylactic  transfusions  (17). 

This  decision  was  not  without  controversy.  The  merits  of 
maintaining  two  PLT  inventories,  one  with  longer  circulating 
PLTs  maintained  at  RT  for  prophylactic  use  and  another  with 
more  hemostatic  refrigerated  PLTs  for  treatment  of  acute  hem¬ 
orrhage,  were  vigorously  debated  (18-20).  Ultimately,  RT-PLTs 
became  the  norm  because  hypoproliferative  thrombocytopenia 
outnumbered  other  indications  for  PLT  transfusion  (21).  In 
the  intervening  three  decades,  however,  clinical  practice  has 
changed.  While  prophylactic  transfusion  continues  to  predomi¬ 
nate,  some  centers  are  now  reporting  greater  percentages  of 
other  therapeutic  indications,  possibly  due  to  the  lowering  of  the 
transfusion  threshold  in  the  1990s  combined  with  increased  use 
by  other  services  due  to  increased  use  of  PLT  inhibitors  and  the 
adoption  of  massive  transfusion  protocols  to  treat  acutely 
bleeding  patients  (22-24).  Treatment  of  acute  hemorrhage  may 
become  the  predominant  reason  for  PLT  utilization  if  findings 
from  two  recent  large  randomized  controlled  trials  (RCTs)  of 
prophylactic  PLT  transfusions  result  in  new  practice  guidelines 
(25).  Although  not  all  experts  agree,  those  studies  indicate  that 
hematologically  stable  patients  who  have  undergone  autologous 
stem  cell  transplantation  can  be  safely  managed  without  pro¬ 
phylactic  transfusion  (26-29).  Some  of  the  controversy  is  cen¬ 
tered  on  the  question  of  whether  the  risks  in  this  population  are 
limited  to  World  Health  Organization  grade  2  bleeding  versus 
more  life-threatening  hemorrhage  (26,  28).  Possible  benefits  of 
reducing  prophylactic  transfusion  would  include  decreased  risk 
of  bacterial  contamination,  decreased  donor  exposure,  and  lo¬ 
wer  PLT  utilization. 

Given  the  prevalence  of  bacterial  contamination,  there  is 
no  question  that  risk  decreases  with  fewer  PLT  transfusions 
(30-33).  Conversely,  donor  exposure  did  not  decrease  in  the 
therapeutic  arm  in  one  trial  because  there  was  a  concomitant 
increase  in  packed  red  blood  cell  transfusion  (27).  The  poorer 
hemostatic  function  of  RT-PLTs  may  have  contributed;  they 
have  well-recognized  defects  in  aggregation  response  and,  at  a 
minimum,  may  require  1  to  2  h  after  in  vivo  administration  to 
recover  full  function  (15,  18).  Their  refrigerated  counterparts,  in 
contrast,  are  mildly  activated  and  may  be  primed  to  immedi¬ 
ately  participate  in  clot  formation  (15,  34).  Room  temperature- 
stored  PLT  in  vivo  functional  recovery  has  not  been  definitively 
established. 

Data  from  two  RCTs  indicate  that  when  a  PLT-containing 
blood  product  is  stored  at  4°C,  it  becomes  more  hemostatically 
active  than  those  stored  at  22°C  (35-36).  One  trial,  performed  in 
150  children,  demonstrated  significantly  reduced  postoperative 
bleeding  after  cardiac  surgery  in  those  who  received  refriger¬ 
ated  PLT-containing  whole  blood,  compared  with  those  who 
received  reconstituted  whole  blood  containing  RT  PLTs  (35). 
Differences  between  the  refrigerated  whole-blood  and  fresh 
whole-blood  recipients  were  not  significant,  whereas  PLT 
function,  as  measured  with  light  impedance  aggregometry,  was 
lowest  in  samples  from  patients  who  received  reconstituted 
blood  with  RT-PLTs  (35).  Furthermore,  a  trial  in  adults  taking 
aspirin  demonstrated  that  4C-PLTs  had  significantly  improved 


bleeding  times  in  contrast  to  those  at  RT,  which  had  little  or 
delayed  effects  (36).  Findings  from  these  RCTs  were  supported 
by  data  from  the  1970s  demonstrating  that  refrigerated  PLTs 
corrected  bleeding  time  more  quickly  than  did  RT-PLTs  (15). 
The  foundation  of  damage  control  resuscitation  and  massive 
transfusion  protocols  is  that  early  correction  of  coagulopathy 
limits  blood  loss,  decreasing  blood  product  transfusion  (37-39). 
Application  of  this  concept  by  adding  a  cold  PLT  arm  for  the 
patients  treated  with  a  therapeutic  strategy  might  have  checked 
hemorrhage  progression  via  early  administration  of  a  more  ef¬ 
fective  hemostatic  product.  This  is  supported  by  work  in  animal 
models  of  hemorrhagic  shock:  rodents  demonstrate  coagulop¬ 
athy  and  PLT  loss  after  a  severe  bleed,  suggesting  that  trans¬ 
fusion  of  immediately  viable,  partially  primed  PLTs  could  be 
beneficial  to  this  population  (40,  41).  Furthermore,  military 
personnel  wounded  during  the  conflicts  in  Iraq  and  Afghanistan 
demonstrated  benefit  with  early  PLT  transfusion  (1,  2). 

Data  from  the  two  RCTs  of  therapeutic  PLT  transfusions 
versus  prophylactic  may  also  have  implications  for  the  treatment 
of  patients  with  severe  hemorrhage  due  to  other  etiologies.  Re¬ 
sults  demonstrated  that  the  therapeutic  strategy  led  to  acceptable 
outcomes  in  most  patients  with  hypoproliferative  thrombocyto¬ 
penia,  with  the  exception  of  the  highest-risk  patients  receiving 
induction  chemotherapy  or  allogeneic  stem  cell  transplantation 
for  leukemia  (25,  29).  Trauma  patients  do  not  have  hypopro¬ 
liferative  thrombocytopenia,  but  rather  acute  insufficiency  due 
to  consumption  and  loss.  Given  that  these  patients  are  able  to 
generate  their  own  PLT  supply,  which  is  presumably  superior  to 
any  transfused  product,  a  treatment  strategy  aimed  at  immediate 
hemorrhage  control,  rather  than  long-term  survival  of  transfused 
PLTs,  may  result  in  fewer  transfusions  and  better  outcomes. 
Clinical  trials  to  address  this  question  are  indicated,  particularly 
because  4C-PLTs  were  the  standard  of  care  for  over  a  decade, 
have  an  established  safety  record,  and  are  a  licensable  product  in 
the  United  States  according  to  the  Food  and  Drug  Administra¬ 
tion  Code  of  Federal  Regulations  sections  (CFR)  21CFR640.24 
and  21CFR640.25. 

Even  if  4C-PLTs  are  merely  shown  to  be  equivalent  to  RT- 
PLTs,  the  logistical  exigencies  of  far-forward  care  in  austere 
environments  argue  for  a  reexamination  of  current  standards  and 
a  more  practical  approach  to  PLT  storage.  Similarly,  availability 
of  an  extended  storage  cold  PLT  product  could  greatly  benefit 
civilian  centers.  As  mentioned  above,  PLTs  stored  under  refrig¬ 
eration,  whether  as  whole  blood  or  PLT  products,  should  improve 
hemostatic  function,  clinical  safety,  and  efficacy  (12-14,  35, 
36,  42).  Achieving  hemostasis  within  the  first  6  h  following  mas¬ 
sive  traumatic  hemorrhage  is  associated  with  improved  outcomes 
(3,  43).  Refrigerated  PLTs  are  cleared  over  2  to  3  days;  thus,  they 
certainly  remain  in  circulation  long  enough  to  contribute  to  he¬ 
mostasis  during  the  crucial  initial  period  after  injury  (10).  Fur¬ 
thermore,  recent  data  suggest  that  4C-PLTs  retain  hemostatic 
function  for  at  least  10  days  when  refrigerated  (12,  14).  In  the 
context  of  remote  damage  control  resuscitation,  whole  blood  or 
PLT  units  could  be  collected  at  support  bases  or  forward  loca¬ 
tions  and  transported  to  remote  sites  in  isothermal  transport 
boxes  (e.g.,  Golden  Hour  boxes)  along  with  other  blood  products 
and  medications.  This  would  reduce  the  logistical  complexity  of 
transporting  products  at  different  temperatures,  increase  inventory, 
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reduce  risks  of  bacterial  contamination,  and  facilitate  early 
delivery  of  critically  needed  hemostatic  products  to  bleeding  trauma 
patients.  For  remote  damage  control  resuscitation  purposes,  the 
current  standard  of  PLT  storage  at  RT — and  by  extension,  lim¬ 
itation  on  whole-blood  use — is  impractical  and  wasteful  and 
potentially  deprives  trauma  patients  of  lifesaving  products. 

We  are  concerned  that  RT  storage  of  PLTs  may  also  com¬ 
promise  the  acute  care  of  patients  in  civilian  medicine  undergoing 
trauma  resuscitation  or  surgical  bleeding  due  to  thrombocytope¬ 
nia.  Clinical  studies  of  4°C-stored  PLTs  or  other  formulations 
designed  to  have  more  immediate  hemostatic  function  should  be 
undertaken.  If  the  data  from  these  investigations  are  supportive, 
PLT  storage  protocols  could  be  modified  to  provide  improved 
hemostatic  support  for  all  patients.  Whether  RT  storage  should  be 
maintained  for  patients  with  hypoproliferative  thrombocytopenia 
or  whether  blood  centers  and  transfusion  services  can  manage 
split  PLT  inventories  for  these  different  hemostatic  needs  could 
then  be  considered  based  on  the  evolving  clinical  evidence.  A 
“one-size-fits-all”  strategy  for  PLT  storage  may  not  be  adequate. 
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